Introduction: Anti-RNP autoantibodies occur either in mixed connective tissue disease (MCTD) (with a frequently favorable prognosis), or in systemic lupus erythematosus (SLE) cases with aggressive major organ disease. It is uncertain how to assess for the risk of severe disease in anti-RNP þ patients. Methods: Following institutional review board-approved protocols, clinical data and blood were collected from patients with known or suspected anti-RNP autoimmunity and normal controls in a cohort study. Samples were screened for parameters of immune activation. Groups were compared based on clinical diagnoses, disease classification criteria, disease activity and specific end-organ clinical manifestations. Results: Ninety-seven per cent of patients satisfying Alarcon-Segovia MCTD criteria also met Systemic Lupus International Collaborating Clinic (SLICC) SLE criteria, while 47% of the anti-RNP þ SLE patients also met MCTD criteria. Among SLICC SLE patients, MCTD criteria were associated with reduced rates of renal disease (odds ratio (OR) 4.3, 95% confidence interval (CI) 1.3-14.0), increased rates of Raynaud's phenomenon (OR 3.5, 95% CI 1.3-9.5) and increased serum B-cell maturation antigen, transmembrane activator and CAML interactor and TNFa levels. Circulating immune markers and markers of type I interferon activation were not effective at distinguishing clinical subgroups. Conclusions: Among anti-RNP patients, the question of MCTD versus SLE is not either/or: most MCTD patients also have lupus. MCTD classification criteria (but not a broad set of immune markers) distinguish a subset of SLE patients at reduced risk for renal disease. Lupus (2015) 24, 1057-1066.
Introduction
Anti-RNP responses have been associated with different prognoses: generally mild in mixed connective tissue disease (MCTD), but associated with severe disease including nephritis in systemic lupus erythematosus (SLE). [1] [2] [3] In lupus, anti-RNP antibody responses are linked temporally with disease expression, 4 while in MCTD the loss of anti-RNP antibodies has been linked to clinical remission. 2 A clinician faced with a patient with anti-RNP autoantibodies may thus be seeking clues regarding whether a benign or an aggressive course of disease is likely.
A plausible but untested idea would be to consider patients with 'pure' MCTD to be likely to have a mild course and for patients meeting SLE criteria to be at risk for more aggressive disease, conceivably because SLE might involve the activation of more dangerous immunostimulatory pathways. Both the recently reported European MCTD cohort and the Norwegian national MCTD registry exclude patients with other rheumatic connective tissue diseases, including SLE. [5] [6] [7] However, the extent to which patients satisfying MCTD criteria may also satisfy SLE criteria (or vice versa) has not been reported since the introduction of the 2012 Systemic Lupus International Collaborating Clinic (SLICC) SLE criteria.
Immune processes that contribute to lupus susceptibility and lupus activity have become increasingly well defined. Innate immune activation leading to type I interferon secretion has been identified, and is now being targeted in human trials. 8 Roles in lupus pathogenesis for autoreactive B and T cells have been articulated, and agents targeting these are also being developed. 9, 10 Some upregulated inflammatory markers in MCTD compared to healthy controls have been documented. 11, 12 Studies comparing MCTD and SLE patients have found increases in IgG, interleukin (IL)-10 and TNFa levels in the MCTD patients, with generally similar patterns of interferon gamma, IL-2 and IL-4 production. [13] [14] [15] We have suggested that differences in immune activation, such as preferential activation of TLR3 versus TLR7, could account for differences in disease expression between MCTD and RNP þ lupus. 16 We thus screened a cohort of anti-RNP þ patients for immune markers, and assessed these for relevance. Disease activity and many circulating markers did not differ between groups by MCTD criteria. However, the patients meeting MCTD criteria had lower rates of renal disease, higher rates of Raynaud's phenomenon, and trends towards increased B-cell activation. MCTD thus shares many immune pathways with SLE, and often co-exists with SLE, but MCTD clinical criteria identify patients at lower risk for renal disease.
Methods

Subjects
Patients seen at our center between 2006 and 2011 and normal controls were recruited following institutional review board (IRB)-approved protocols. Patients were characterized as RNP þ if they had a positive clinical laboratory anti-RNP test, and/or anti-RNP antibodies were identified in our lab by ELISA or immunoblot. 17 Subject data were obtained by structured interview, physical exam, laboratory screening and review of medical records. 18 SLE classification was by 1997 American College of Rheumatology (ACR) and 2012 SLICC criteria. 7, 19 The Alarcon-Segovia MCTD criteria set was chosen because it has performed as well as others in identifying patients with MCTD, 6, 7, 18, 20 and does not include pulmonary or renal manifestations (facilitating association studies with renal and pulmonary outcomes). Systemic lupus erythematosus disease activity index 2000 (SLEDAI-2K) scores were calculated using clinical data from dates of blood collection. 21 De-identified data from a previously reported cohort of University of Missouri RNP þ patients was used following IRB-approved protocols. 18 Laboratory and imaging studies were performed based on the clinical judgment of patients' managing physicians. Interstitial lung disease (ILD) was identified by radiologist documentation of fibrosis or ground glass opacities consistent with ILD on chest radiograph and/or high resolution chest computed tomography. 22 Pulmonary hypertension was diagnosed by right heart catheterization studies following World Health Organization guidelines, 23 possible pulmonary hypertension was designated if transthoracic echocardiogram showed right ventricular systolic pressure greater than 40 mmHg. 24 Lung disease not otherwise specified was designated for patients who did not meet criteria for ILD, pulmonary hypertension, or possible pulmonary hypertension yet had DLCO values less than 60% predicted without proportionate restrictive or obstructive spirometry indices, and in whom no alternative explanation emerged after pulmonology consultation. Patients were classified as having renal disease (following the SLICC criteria) if they had greater than 0.5 g per day of proteinuria, cellular casts in their urine, or glomerulonephritis confirmed by renal biopsy. Raynaud's phenomenon was designated if patients gave a history of coldinduced color changes in the digits following the validated picture-question format of Maricq and colleagues. 25 Serum assays for double-stranded DNA, SSA, SSB and Smith antibodies were performed by clinical laboratory ELISA. Serum B-cell activating factor belonging to the TNF family (BAFF), BAFF receptor (BAFFR), transmembrane activator and CAML interactor (TACI), B-cell maturation antigen (BCMA), interferon gamma (IFN-g), TNFa, soluble CD40 ligand (sCD40L), e-selectin, neutrophil gelatinase-associated lipocalin (NGAL), p40 subunit of IL-12 (IL-12p40), p70 form of IL-12 (IL-12p70), IL-17A, IL-17F, dimers of these (IL-17A/F), and IL-21, IL-22, IL-23 and IL-33 were measured by ELISA in duplicate following the manufacturer's instructions (R&D Systems, Minneapolis, MN, USA).
Type I interferon gene signature
Total RNA was isolated from whole blood using the QIAamp RNA Blood Mini Kit (Qiagen, Santa Clarita, CA, USA) and from other cell preparations using the RNeasy Plus Mini Kit (Qiagen); complementary DNA was synthesized with the Diagnosis and risk stratification in patients with anti-RNP autoimmunity MF Carpintero et al.
SuperScript First-Strand Synthesis kit using random hexamers (Invitrogen, Carlsbad, CA, USA). Gene expression was measured for 79 of the 88 patients for whom sufficient RNA could be extracted from whole blood, plus eight normal controls. Whole blood from 22 additional healthy blood donors was used to establish normal expression ranges. Sample messenger RNAs all passed quality control standards, were analyzed using Affymetrix U133 Plus 2.0 arrays, and were compared after normalization using the robust multichip average algorithm.
Five gene type I interferon signature scores were calculated following the Medimmune algorithm regarding the expression of IFI27, IFI44, IFI44L, RSAD2 and IFI6 in study subjects relative to the 22 normal controls. 26, 27 Additional markers of type I interferon induction were also compared between study groups (see the Appendix). With the exception of interferon-inducible genes, analyses were confined to circulating immune markers, based on the hypothesis that relevant subgroups of anti-RNP autoimmunity patients could be distinguished immunologically.
Statistical analyses
Data were analyzed using Prism 5.0 software (GraphPad Software, San Diego, CA, USA). For categorical data, odds ratios were calculated and Fisher's exact test was used. For quantitative data, the D'Agostino and Pearson omnibus normality test was used to determine whether a t test or a non-parametric test (Mann-Whitney) would be appropriate. Subjects with missing data were censored from individual analyses. For assays in which results for an individual patient were below the lower limit of quantitation for the assay, result levels one significant digit less than the established lower limit of quantitation for the assay were assigned. When all subjects in a group had results below the lower limit of detection for an assay, other groups were compared to this group using the Wilcoxon one group test, set to the value of the lower limit of detection of the assay.
Results
Anti-RNP patients often meet classification criteria for both SLE and MCTD
In total, 37/38 (97%) patients that satisfied MCTD criteria met SLICC SLE criteria, while 37/79 (47%) of RNP þ patients that satisfied SLICC SLE criteria met MCTD criteria. Anti-RNP antibodies were present in 81/88 patients, including 42 with clinical SLE that did not meet MCTD criteria (33/42 met ACR SLE criteria, 42/42 met SLICC SLE criteria); 18 patients with clinical SLE that also met MCTD criteria (16/18 met ACR SLE criteria; 18/18 met SLICC SLE criteria); 20 patients with MCTD clinically (all met MCTD criteria); and one patient with polymyositis and Raynaud's phenomenon who did not meet criteria for SLE or MCTD ( Table 1 ). The SLE and MCTD subgroups were similar regarding age, disease duration, sex and ethnicity distribution ( Table 1) .
Among the 20 MCTD patients, the rate of satisfying lupus criteria was high for the ACR criteria Table 1 Demographics 
Clinical relevance of MCTD classification in SLE patients
We explored whether MCTD criteria were clinically meaningful in patients meeting SLE criteria ( Table 2 ). Contrary to the assumption that MCTD is milder than 'classic' SLE, disease activity as measured by SLEDAI was comparable between each of the subgroups (RNP þ and RNP-; clinically classified as SLE or MCTD) in our cohort ( Table 2 ). The mean number of ACR SLE classification criteria satisfied by the patients was also comparable between the SLE and MCTD groups.
MCTD criteria were associated with less frequent renal disease. The odds ratio of renal disease (satisfying the SLICC lupus criteria for renal involvement) was 4.3 (95% confidence interval (CI) 1.3-14.0) for more renal disease in subjects who did not meet MCTD criteria compared to those who did ( Table 2) .
In contrast to the association between MCTD criteria and the rate of renal disease in this cohort, lung disease was similarly frequent in all of the clinical subgroups studied ( Table 2) . This continued to be the case when the analysis was performed on patients with pulmonary hypertension/ possible pulmonary hypertension or ILD.
To assess the relevance of MCTD criteria to Raynaud's phenomenon, we first reclassified patients using a modified Alarcon-Segovia criteria set excluding Raynaud's, which required one fewer clinical manifestation to meet the criteria threshold ( Table 3 ). The odds ratio was 3.5 (95% CI 1.3-9.5) for more Raynaud's in patients satisfying the modified Alarcon-Segovia criteria.
Analysis of a historical cohort
All 41 MCTD patients from a previously reported Missouri cohort met Alarcon-Segovia criteria. 18 Of these, 28/41 (68%) met ACR SLE criteria and 30/ 41 (73%) met SLICC SLE criteria. Four of the 11 patients not meeting SLICC criteria and one of the two additional patients not meeting ACR SLE criteria met 1980 preliminary criteria for systemic sclerosis; three more of the patients not meeting SLICC criteria additionally met the 2013 systemic sclerosis criteria. Thus, using the most current SLE 
Immune markers in SLE and MCTD patients
Levels of serum markers of inflammation, T-cell activation, B-cell activation and endothelial activation were assessed by ELISA in Miami patients with available sera (5 RNP-SLE, 32 RNP þ SLE, 13 SLE meeting MCTD criteria, and 13 MCTD). Mean levels were largely similar between these patient groups, and were often elevated compared to normal controls (Table 4 ). Trends toward increased BAFF (Mann-Whitney P ¼ 0.023) and TNFa (Mann-Whitney P ¼ 0.022) in patients clinically diagnosed with MCTD compared to RNP þ patients that did not satisfy MCTD criteria were noted. When we compared all 37 patients that did not meet MCTD criteria to all 26 that did, we noted that MCTD patients had slightly higher levels of B-cell activation-associated factors BCMA (2.4 AE 0.6 vs. 2.0 AE 0.7 ng/ml, Mann-Whitney P ¼ 0.0077) and TACI (0.055 AE 0.050 vs. 0.029 AE 0.033 ng/ml, Mann-Whitney P ¼ 0.017) more so than BAFF (2.2 AE 2.3 vs. 1.3 AE 0.7 ng/ml, P ¼ 0.055). TNFa levels also trended higher in SLICC SLE patients meeting MCTD criteria compared to those who did not (23.6 AE 19.5 vs. 15.3 AE 16.6 pg/ml, Mann-Whitney P ¼ 0.014).
Expression levels relative to normal controls of interferon-inducible gene mRNAs in whole blood cells were determined in cohort patients with available samples ( Table 4 ). Each of the disease subsets showed markedly increased five gene type I interferon signature scores compared to normal controls, but the individual disease subsets could not be distinguished from each other. No differences between MCTD and non-MCTD disease subgroups (but clear differences compared to healthy controls) were noted with a broader panel of interferon-inducible genes (see the Appendix). 27 
Associations with individual end-organ clinical manifestations
The presence of renal disease trended weakly toward increased SLEDAI (11.6 AE 6.1 in patients with renal disease vs. 8.8 AE 5.4 in patients without renal disease, Mann-Whitney P ¼ 0.057), but excluding the SLEDAI renal elements yielded scores of 9.1 AE 5.2, essentially identical to the subjects without renal disease. Increased circulating BAFFR levels were noted in patients without SLICC renal disease (Wilcoxon P ¼ 0.016), but none of the other markers studied showed even modest trends with versus without SLICC renal disease ( Table 5) .
Patients with lung disease did not differ in SLEDAI compared to patients without lung disease (Table 5) . Soluble e-selectin levels were increased (14.6 AE 6.0 ng/ml vs. 10.4 AE 4.7 ng/ml, t test P ¼ 0.009) in patients with lung disease compared to those without; the patients with high eselectin levels were those with pulmonary hypertension/possible pulmonary hypertension (16.8 AE 8.4 ng/ml, P ¼ 0.001 vs. patients without lung disease). The ILD subset showed a trend (Table 5) . Increased eselectin levels were not seen in Raynaud's phenomenon. 
Discussion
Among RNP þ patients who meet SLE criteria, also meeting MCTD criteria is not uncommon and is associated with less risk of renal disease. Among RNP þ patients in referral rheumatology practice meeting MCTD criteria, meeting SLE criteria (especially the SLICC criteria) is extremely common. Subtle immune differences favoring increased B-cell activation (increased BCMA and TACI) exist in patients meeting MCTD criteria, despite the fact that SLEDAI disease activity levels, other circulating immune marker levels and type I interferon signature markers in peripheral blood are largely indistinguishable between the MCTD and non-MCTD SLE subsets. The association of BCMA with plasma cell survival and TACI with increased plasma cell differentiation could account for the reported frequent lack of efficacy of rituximab therapy in anti-RNP autoimmunity. [30] [31] [32] Increased plasma cell numbers have been reported in MCTD patients compared to controls. 33 We have recently reported that in comparison to SLE patients, MCTD patients have lower serum levels of anti-RNP peptide-specific IgM despite similar levels of serum IgG. 34 Notably, TACI has been reported to help drive class switch recombination. 35 Lung disease is common in RNP þ SLE patients in our cohort regardless of MCTD criteria status. Our murine model of anti-RNP autoimmunity has shown links between TLR3-driven inflammation and lung disease, without showing similar links to renal disease or to Raynaud's-like vasculopathy. 36, 37 Thus, anti-RNP antibodies may identify a risk for TLR3 activation regardless of the presence of lupus-associated TLR7 activation. Other MCTD-like manifestations such as Raynaud's may be TLR3 independent. Further study is needed to determine the extent to which the apparent protection from nephritis seen in patients meeting MCTD criteria is mediated by increased TLR3 activation or other factors.
Limitations of this work include the use of single center cohorts of modest size, the assessment of an arbitrary (although extensive) set of circulating markers of immune activity and concerns regarding the effects of multiple comparisons on determining the P value thresholds at which statistical significance should be set. The small number of cases of pulmonary disease necessitated the use of broadly inclusive definitions that do not account for the potential for diverse underlying disease processes (such as, for example, non-specific interstitial pneumonia versus usual interstitial pneumonia).
The inability to demonstrate dramatic differences in immune markers between patient groups meeting and failing to meet MCTD criteria, despite notable differences in clinical manifestations in Table 4 . Renal Dzþ ¼ renal disease as in Table 2 ; Renal Dz-¼ not fulfilling renal disease criteria as in Table 2 . Lung Dz ¼ lung disease as in Table 2 . RP ¼ Raynaud's phenomenon as in Table 3 . The Student's t test or Mann-Whitney test are used as described in Methods. Only immune markers from Table 4 with trends toward between-group differences, or with trends toward differences between patients segmented on the basis of renal, lung, or Raynaud's manifestations are shown.
these groups (including the fibrotic manifestations of MCTD such as acrosclerosis and pulmonary fibrosis), suggests that factors unmeasured in the current study may play key roles in distinguishing these groups, and may be better understood by the assessment of organ-specific or cell-type-specific markers.
Given that nearly half of the RNP þ patients in our cohort met classification criteria for both SLE and MCTD, it is likely that MCTD patients have been and will be enrolled in past and future observational and treatment trials of SLE unless specifically excluded. Further studies are needed to assess how patients with concomitant MCTD and SLE compare clinically and immunologically to the apparently less common condition of MCTD in the absence of SLE. 9 .0 AE 0. Affymetrix U133 Plus 2.0 mRNA expression array data (in arbitrary expression units relative to normal standard) for interferon-inducible genes that showed differences compared to control subjects. For genes with multiple readouts, averages of all the values are used. Between-group comparisons are with the Mann-Whitney test. No significant differences between patient subgroups were identified.
